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Abstract
To verify whether the administered isovaleric acid does directly incorporate into urinary iso-
valthine or not, a young male dog was given labeled isovaleric acid-1-C14 (0.2 mc.) and the
urinary isovalthine was analyzed by means of paper electrophoresis and column chromatography.
Observations proved that isovalthine appeared in urine but showed no radioactivity while glutamic
acid gave a strong activity. The possible metabolic pathway of isovaleric acid has been discussed.
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In the previous paperl , it has been reported that the administration of
isovaleric acid induces isovalthinuria in some animals which never excrete
isovalthine in their normal urine. In order to verify whether the administered
isovaleric acid directly incorporates into urinary isovalthine or not, isovaleric
acid-1-CI4 is used in this experiment. Unexpectedly, however, urinary isoval-
thine of an experimental dog did not contain radioactivity.
MATERIALS AND METHODS
Animal: A young male dog of 2.5 kg. body weight was fed on boiled rice
and fish for one week in a plastic cage. The total amount of food was 300 g.
per day in wet weight. During this period, the pup never excreted isovalthine
in his urine. One gram of non-Iabeled isovaleric acid and 4.3 mg. of isovaleric
acid-I-CH (0.2 me. obtained from Nichem. Inc., U. S. A.) are mixed and the
mixture neutralized with sodium bicarbonate solution. A half of the above C14•
isovalerate solution is mixed into a small amount of food and the mixed food is
administered to the dog ad libitum for two days. In the third day, the dog re-
ceives 500 mg. of non-Iabeled isovaleric acid only. Extra food which contains
no isovaleric acid is given after swallowing the isovalerate-containing food.
Urine: Urine was collected in a bottle containing toluene and hydrochloric
acid every day separately for three days after Cl4-isovalerate administration.
The volume of urine was as follows: the first day, 250 ml.; the second day,
150 ml.; the third day, 200 ml. The acidic amino acid fraction of the urine was
prepared by using H-form of strong cation exchanger and acetate form of strong
anion exchanger. Before the column work, 5 mg. of synthetic isovalthine was
added as a carrier to the urine of the second and the third days. In order to
confirm the excretion of isovalthine, no carrier was added to the urine of the
first day. The amount of acidic amino acid fraction obtained were as follows:
the first day, 170.3 mg.; the second day, 134.5 mg.; the third day, 213.2 mg.,
in dry weight. The each fraction is dissolved in 0.5 ml. of water for further
analyses.
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Paper electrophoresis and autoradiography: For one dimensional high vol-
tage paper electrophoresis, 0.03 ml. of the above solution is used and 0.02 ml.
is used for the two dimensional identification of isovalthine. These methods are
already described elsewhere by UBUKA2• Autoradiography is carried out by ex-
posing X-ray Fuji film (Type 200, non-screen type) to these chromatograms for
85 days.
Column chromatography: Remaining acidic amino acid are combined and
the combined solution (469.5 mg. in dry weight) is hydrolyzed with 6 N-HCl.
The hydrolysate is evaporated to dryness and excess hydrochloric acid is re-
moved by repeated volatilization. The residue is dissolved in a small amount of
water and treated once with charcoal and dried again. The dried residue is
dissolved in 0.05 M acetic acid and the volume is adjusted to 25 ml. Four ml. of
the above solution is transferred to a column of Amberlite CG 45 (0.9 X 15 cm.)
which is equilibrated with 0.05 M acetic acid beforehand. The amino acids on
the column are eluted with various concentration of acetic acid as follows:
0.05 M acetic acid, 60 ml.; 0.25 M acetic acid, 75 ml.; 2.0 M acetic acid, in
the order mentioned. Flow rate is 10 ml. per hour and each 1 ml. of eluate is
collected by a drop-counting fraction collector. The fractionation is carried out
at room temperature (28 QC). Odd-numbered fractions are used for photometric
analyses after color development with ninhydrin by the method of MOORE and
STEIN3• The fractions eluted with 2 M acetic acid are neutralized with NaOH
before color development. Even-numbered fractions are dried in the stainless
planchets and the radioactivities are measured by gas-flow counter. Identifica-
tion of amino acid of each peak separated by column chromatography is carried
out by paper chromatography with the sample remaining in each planchet.
RESULTS
Paper electrophoresis and autoradiography: Fig. 1 shows the electrophero-
grams of the urinary acidic amino acid fraction of each three days: (a) the first
day, (b) the second day, (c) the third day. The band number in the figure
indicates as follows: 1. i'Sovalthine; 2. aspartic acid; 3. glutamic acid. Carrier
isovalthine is not added to the first day urine, but the. band of isovalthine is
clearly seen on the electropherogram (Fig. I-Ca)). This is found to be the case
in the previous paper1•
Fig. 2 shows the autoradiogram exposed to the above electropherograms.
Among amino acids appeared on the electropherograms, ca has strongly incor-
porated only into glutamic acid.
Fig. 3-(a) and -(b) show respectively the chromatogram and autoradiogram
of the same acidic amino acid fraction of the first day urine. Fig. 3-(a) shows
isovalthine spot clearly, but the spot has no radioactivity as seen in Fig. 3-(b)
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Fig. 1. One-dimensional electropherograms of urinary acidic amino acid
fraction of a dog after administration of isovaleric acid-l-CI( (a) The first
day urine. (b) The second day urine. (c) The third day mine.
Band number: 1. Isovalthine. 2. Aspartic acid. 3. Glutamic acid.
Fig. 2. Autoradiograms of Fig. 1. (a) The first day urine.(b) The second day urine. (c) The third day urine.
Band number: 3. Glutamic acid.
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Fig. 3 a). A chromatogram of acidic amino acid
fraction of the first day urine of a dog after ad-
ministration of isovaleric acid-l-CI4.
SpotTnumber : 1. Isovalthine. 2. Aspartic acid.
3. Glutamic acid.
Fig. 3 b). Autoradiogram of Fig. 3 a).
Spot number: 3. Glutamic acid.
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and glutamic acid shows remarkable radioactivity. The same results are obtained
with the samples of the second and the third days.
Column chromatography: Fig. 4 shows the column chromatogram of the
combined acidic amino acid fraction of the three-day urine. The first large peak
(tube number, from 5 to 31) is the neutral amino acids which appeared after
hydrolysis. The second large peak (tube number, from 91 to 105) is glutamic
acid which shows the highest radioactivity. The third large peak (tube number,
from 135 to 167) is aspartic acid and it shows a little radioactivity. The fourth
fig. 4. Column Chromotography of Urinary Acidic Amino Acid fraction of a Dog Received
Isovaleric Acid -I-C'· (atter Hydrolysis)
-- Ninnydrin calor ....alue
NeutrOI
amino acid
Glutamic
ocid
Aspartic
acid
Tube Number
~ O.OSM CHoCOOH+O.ISM CH.COOH+O.2SM CH.COOH--+- 20M CH'COOH---1
small radioactive peak of tube number from 206 to 214 may be a pseudopeak
produced by buffer change. The peak contains brown-colored pigment and some
unidentified amino acids. The fifth peak with a small shoulder (tube number,
from 222 to 240) is isovalthine, but it scarcely contains radioactivity. DL-lso-
valthine always appears as a peak with a small shoulder in this chromatography
and also in the automatic amino acid analyzer. The sixth radioactive peak of
tube number from 250 to 280 is a peptide which is found to consist of glutamic
acid and two other unidentified neutral amino acids after hydrolysis. So the
radioactivity of this peak may be attributed to glutamic acid.
DISCUSSION
The results obtained here will indicate that isovaleric acid-l-C14 scarcely
incorporates dicrectly into isovaleric acid residue of isovalthine. However, ad-
ministration of isovaleric acid is indispensable for the induction of isovalthinuria.
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The formation of C14-glutamic acid from added C14-isovaleric acid may be
deduced as follows: 1-C14-isovaleryl CoA is cleaved into acetoacetate and C14_
acetyl CoA via j1-hydroxy-{9-methylglutaryl CoA and CJ4-glutamate is formed
from C14-acetyl CoA via tricarboxylic acid cycle. Then, it can not be understood,
however, how the isovaleric residue of isovalthine is synthesized from what
kind of metabolites during cleavage of added isovaleric acid.
ZABIN and BLOCH4.6 have reported that the carboxyl portion of isovaleric
acid is less efficiently converted to cholesterol than isopropyl group of isovalerate,
and the incorporation of carbon dioxide-C14 into cholesterol is greatly increased
in the presence of isovalerate. These observations together with the present
data may indicate that the pathway to cholesterol from isovalerate established
by LYNEN and COON must be somewhat modified. Because, according to the
pathway, the carbon dioxide fixed to methylcrotonyl CoA should be decarboxy-
lated in the 5-pyrophosphomevalonic decarboxylase reaction and never incor-
porated into cholesterol.
Further experiments will be awaited for the explanation of the above in-
comprehensible results.
SUMMARY
To verify whether the administered isovaleric acid does directly incorporate
into urinary isovalthine or not, a young male dog was given labeled isovaleric
acid-1-C14 (0.2 mc.) and the urinary isovalthine was analyzed by means of paper
electrophoresis and column chromatography. Observations proved that isoval-
thine appeared in urine but showed no radioactivity while glutamic acid gave
a strong activity. The possible metabolic pathway of isovaleric acid has been
discussed.
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